ABSTRACT The time just before hatch is critical, because the embryo shifts toward internal and external pipping. This study aimed to determine the beneficial effect of repeated acute reductions of the incubation temperature during the last phase of broiler embryogenesis on posthatch cold tolerance and on the development of ascites syndrome. Fertile eggs were incubated at 37.8°C and 56% RH. At 18 and 19 d of incubation, 3 treatments were conducted, comprising 2 or 3 exposures to 15°C for 30 or 60 min each. During these cold exposures, egg temperature was measured by infrared thermography to determine sensible heat loss from the eggs. At hatch, BW and body temperature were measured. At 3 and 14 d of age, chicks were challenged by cold exposure to 10°C for 3 h. From 14 d of age onward, three-quarters of the chicks were raised under ascitesinducing conditions (AIC) and the others were raised under regular conditions. The sensible heat loss from the eggs was 512 ± 66 cal and 718 ± 126 cal for 30 and 60 min of cold exposure, respectively. No effect of treatment on hatchability was observed, but body temperature and BW were greater to significantly greater in the treated chicks. Cold challenges at 3 and 14 d of age revealed a relative thermoregulatory advantage of embryos exposed to cold for 60 min. Under AIC, fewer treated chickens than controls developed ascites. At 38 d of age, BW and relative breast muscle weight were numerically to significantly greater in the treated chicks than in the control chicks when both were raised under regular conditions, whereas no differences were observed among the chicks raised under AIC. Repeated brief acute cold exposures during the last phase of embryogenesis appeared to improve the ability of growing broilers to withstand low ambient temperatures during their life span. Moreover, chickens treated during embryogenesis improved their performance under regular growth conditions.
INTRODUCTION
The period just before hatch is a critical one, because the embryo shifts toward internal and external pipping. An efficient response of the embryo to hatching necessitates the entire completion of embryonic development, including maturation of the endocrine and the neuronal systems. These systems are established during embryogenesis and appear to undergo fine-tuning by environmental factors during incubation (Nichelmann, 2004; Onagbesan et al., 2007; Tzschentke, 2007) .
Recently, accumulated knowledge of the "imprinting" of physiological control systems, such as the thermoregulatory system (Nichelmann et al., 1994 Tzschentke and Basta, 2002; Tzschentke et al., 2004; Tzschentke and Plagemann, 2006) , has revealed the possibility of inducing long-term temperature adaptation of an organism to acute changes in climatic conditions Shinder et al., 2002; Piestun et al., 2008) .
Ambient temperature (T a ) is the most important environmental factor in this context (Horowitz, 2002) , and for several decades, the practice was to keep it constant during incubation to avoid possible deleterious effects on the development of the chicken embryo (Peterka et al., 1996; Krausova and Peterka, 2007) . However, in nature the incubation temperature ranges between 30 and 40°C (Webb, 1987) as a result of the necessity for parent birds to search for food or to avoid predators. Several recent studies have demonstrated the beneficial effects of elevating the incubation temperature to improve the acquisition of thermotolerance without impairing the development of the embryo or the performance of the fast-growing broiler (Yahav et al., 2004a,b; Collin et al., 2007; Piestun et al., 2008) . However, most studies of the effect of reducing the incubation temperature during embryogenesis have appeared to demonstrate negative effects. Long-term decreases in incubation temperature have induced teratogenic effects and have increased mortality and incubation time (Tazawa and Rahn, 1987; Peterka et al., 1996; Suarez et al., 1996; Black and Burggren, 2004a,b; Mortola, 2006) . In contrast to the effect of long-term cold exposure, short-term cold exposure during the last phase of embryogenesis, when embryos switch from the ectothermic to the endothermic phase, has been found to induce greater heat production in the hatched chicks (Decuypere, 1984; Minne and Decuypere, 1984, Nichelmann et al., 2001; Loh et al., 2004; Nichelmann, 2004) .
One of the main posthatch hazards faced by the fastgrowing broiler is related to their inability to satisfy the oxygen demands of the body under low T a (Olkowski et al., 2005) . This was found to be the main cause for the development of ascites syndrome, and the main reason for significant economic losses under cold conditions (Wideman and French 1999; Druyan et al., 2007a,b) . The aim of the present study was to determine the effect of repetitive acute reductions of the incubation temperature during the last phase of broiler embryogenesis on the improvement of posthatch cold tolerance and on the development of ascites syndrome.
MATERIALS AND METHODS
This study was carried out in accordance with the accepted ethical and welfare standards of the Israeli Ethics Committee (IL-005/05) and was approved by the ethics committee of the Agricultural Research Organization (Bet Dagan, Israel).
Experimental Design
Approximately 2,200 fertile Cobb eggs from a 38-wkold flock were weighed, and 880 eggs were selected, for an initial weight of 65.5 ± 2.5 g. The eggs were divided into 4 treatments, and incubated in a Danki MediumSize Incubator (Danki ApS, Ikast, Denmark) under regular conditions of 37.8 ± 0.3°C and 56 ± 2.5% RH. At 19 d of incubation (E19) all eggs were transferred to a Separate Danki Hatcher Type 3 at 37.2 ± 0.3°C and 60 ± 2.5% RH.
The 4 treatments were treatment 1 (Treat-1)-control; treatment 2 (Treat-2)-2 exposures to cold (15°C and 60% RH) for 30 min in a special controlled-environmental room, at 2000 h on d 18 of incubation (E18) and at 1200 h on E19; treatment-3 (Treat-3)-three 30-min exposures to cold at 1600 h on E18 and at 0400 and 1600 h on E19; treatment-4 (Treat-4)-two 60-min exposures to cold, at 2000 h on E18 and 1200 h on E19 (Table 1) .
During cold exposure, eggshell temperature (T egg ) was measured every 5 min by infrared thermal imaging radiometry. Immediately after termination of the cold treatment, the eggs were returned to regular incubation conditions; their length and breadth were measured to calculate the eggshell surface area.
At hatch, at 2-h intervals, dry chicks were removed from the hatchery, their BW and body temperature (T b ) were measured, and their sex was determined. Only males were used in the posthatch experiment. Males from all treatments were placed in a controlledenvironmental room (35 ± 1°C, 60 ± 2.5% RH) and raised under regular conditions, with T a gradually reduced to 27 ± 1°C at d 14 of age.
Challenges
At the ages of 3 and 14 d, 10 chicks from each treatment were subjected to a cold challenge of 10°C for 3 h, followed by a return to regular conditions while the recovery pattern was measured for 1 h. During the challenges and recovery, T b was measured every 30 min. Chicks that were exposed to the cold challenge were eliminated from the experiment immediately after the challenge.
Ascites-Inducing Conditions
Ascites-inducing conditions (AIC) were applied according to the method of Luger et al. (2001) . Briefly, at 14 d age, 269 chicks were divided into 2 subtreatments. Sixty chicks, comprising 15 from each treatment, were reared under regular conditions, but with T a gradually reduced to 23 ± 1°C, and were kept from 21 d of age until the end of the experiment (38 d of age). The other 209 chicks, comprising 54, 54, 47, and 54 from Treat-1, Treat-2, Treat-3, and Treat-4, respectively, were exposed to AIC (i.e., 20 ± 1°C up to 21 d of age, followed by exposure to 15 ± 1°C until the end of the experiment). Water and feed were provided ad libitum. Feed was supplied as mash until 31 d of age and as pellets thereafter. The ME and CP of the growing diet were 3,170 kcal/kg and 18%, respectively. Body weight and feed intake were measured weekly, and feed efficiency was calculated.
Ascites Diagnosis
Mortality was recorded from 14 d of age, and all dead birds underwent necropsy for hydropericardium, right ventricular hypertrophy, and abdominal fluid accumulation. The right ventricle:total ventricle ratio was determined. Birds having right ventricle:total ventricle values above 0.3 were considered to have ventricular hypertrophy (Julian et al., 1987) .
Chicks found to have abdominal fluid were classified as ascitic. In addition, chicks without abdominal fluid accumulation but with hydropericardium and with ventricular hypertrophy were classified as ascitic. At the end of the experiment, all the birds were monitored for the development of ascites syndrome.
Temperature Measurements
The T egg was measured with a Model PM545 infrared imager (FLIR Systems, Danderyd, Sweden). Infrared pictures were analyzed by the ThermaCam Researcher Pro 2.8 SR-1 program supplied by the camera manufacturer. The software calculates the average temperature within a defined area, which, in our case, was the profile of the egg, thus defining T egg . The minimum temperature has been shown to indicate the temperature of the air cell, and maximum temperature to indicate the embryo temperature (van Brecht et al. 2002) .
Measurement of the T b of the hatched chicks was done in an environmentally controlled room at a stable temperature of 35 ± 1°C and 60 ± 2.5% RH with a Model ST8030CB digital thermometer [Measure (Wuxi) Technology, San Chung City, Taipei, Taiwan], with a range of 32.0 to 45.0°C, an accuracy of ±0.1°C, and a 10-s response time.
The T b of severely hypothermic chicks was measured with a EcoScan Temp 4 Meter digital thermometer (Eutech Instruments, Singapore) with a range of 40.0 to 125.0°C and an accuracy of ±0.2°C, equipped with a YSI-423 pediatric semiflexible thermistor probe (YSI Temperature, Dayton, OH), with a temperature range of 0 to 70°C, an accuracy of ±0.1°C, and a 7-s response time.
Sensible Heat Loss from the Eggs
Sensible heat loss (SHL) from the eggs was calculated according to van Brecht et al. (2005) and Shinder et al. (2007) , on the assumption that heat exchange occurs via the whole eggshell surface. The eggshell surface area was determined from the length and breadth of the egg. The length and breadth of eggs were measured by a Mitutoyo Series No 51015023 caliper (precision of 0.02 mm; Mitutoyo Corporation, Kawasaki, Japan). The egg was given a characteristic dimension corresponding to the diameter of a sphere with the same surface area (van Brecht et al., 2005) .
The very low air velocity (less than 0.3 m s −1
) to which the eggs were exposed necessitated the use of a theoretical heat transfer model based on free convection and radiation. The spherical egg model, incorporating mean values of available or specially derived heat-transfer correlations, was used to calculate the SHL (Shinder et al., 2007) .
The exponential dynamics of cooling after an abrupt decrease in T a , as analyzed by Tazawa et al. (1988a Tazawa et al. ( ,b, 2001 , was fitted to the exponential equation
where T 1 is the extrapolated asymptotic temperature at t = ∞, which may differ from T a during cold exposure, and T 1 + A is the extrapolated temperature at the moment of onset of cold exposure (t = 0). The decay rate or cooling rate coefficient, k, is the reciprocal of the time constant, t 1 , and is related to the thermal half-time, t 1/2 (min), according to
The estimated total heat loss from the egg during cold exposure may be a physiologically relevant measure of the intensity of the cold exposure, and it may be calculated from T egg , as measured by infrared thermography. Because the total heat content of the egg is proportional to T egg , the instantaneous value of SHL, q (watts), is proportional to dT egg /dt, which has the same decay rate, k, as T egg . After the abrupt reduction of T a , q can therefore be fitted into an exponential decay curve described by q = q 0 + q 1 •exp(−kt), [3] where q 0 is the extrapolated value at large t, when the living embryo is in a quasi-equilibrium state with the environment. The extrapolated heat loss at t = 0 is q 0 + q 1 . The decay rate, k (min −1 ), is as described above. The initial heat loss per degree of temperature change, in watts per degree centigrade, was designated as G:
where ΔT is the initial difference between T egg and T a . To calculate G, the incubation temperature was used instead of T egg . The differences between the 2 parameters could be neglected within the accuracy of the overall calculation. Disregarding the asymptotic "plateau" q 0 , which represents the metabolic heat production of the embryo, the total SHL (Q in calories) during a cold exposure that lasts Δt min will be
which represents a quantitative estimation of the total physiological impact of the cold exposure, and may serve as a suitable parameter for comparing different temperature manipulation strategies.
Statistical Analysis
All results were subjected to 2-way ANOVA according to the following model:
with T a (15 vs. 22°C) and treatment (control, Treat-2, Treat-3, Treat-4) as the main fixed effects. The interaction between T a and treatment was also included. The interaction between T a and treatment was not significant; therefore, means in each main effect were compared by using Student's t-test.
All statistical analyses were conducted using JMP software (SAS Institute, 2002) . The data are shown as mean ± SE. The data on ascites incidence were analyzed by χ 2 test. The parameters of the best-fitting exponential decay regression curve were calculated by Microcal Origin software (OriginLab Corporation, Northampton, MA). Figure 1 summarizes the dynamics of the T egg reduction during exposure to 15°C for 60 min. The T egg was measured on the surface, either over the air cell (minimum) or in areas of the embryo (maximum). Close to the embryo, T egg decreased from 40.2 to 30.6°C during the first 30-min exposure and to 25.35°C after the other 30-min exposure. After 60 min of cold exposure, T egg was not stabilized. Figure 2 depicts the calculated time variation of SHL from the eggs, obtained by fitting the data to an exponential decay regression curve according to equation [3] . The calculated q 0 was 0.55 ± 0.14 W; q 1 was 1.81 ± 0.11 W; and k was 0.032 ± 0.006 min −1 . Eggs exposed to 15°C for 60 min exhibited decreases in temperature and in SHL, with a high degree of correlation with the regression curve (R 2 = 0.98). The calculated G was 0.1 ± 0.01 W/°C (equation [4] ). The total SHL of eggs, according to equation [5] , with the extreme values of q 1 and k were 512 ± 66 cal and 718 ± 126 cal for 30 and 60 min, respectively, of cold exposure. During the last phase of embryogenesis, the effects of cold exposure on hatchability and on the T b and BW of the hatched chicks are summarized in Table  2 . Hatchability was similar in all 4 treatments. Chicks that were treated with cold during embryogenesis had greater (Treat-2) to significantly greater (Treat-3 and Treat-4) T b than did control chicks (Treat-1), and BW at hatch of embryonically treated chicks were greater (Treat-2 and Treat-4) to significantly greater (Treat-3) than those of the control chicks (Treat-1).
RESULTS
Cold challenge at the age of 3 d caused a significant decrease in T b within 30 min of exposure in all treatments (Figure 3) . However, whereas chicks from Treat-4 maintained their T b thereafter, those from the other treatments began to maintain their T b after 60 or 150 min of cold exposure (control and Treat-2, respectively), whereas those in Treat-3 could not maintain their T b throughout the whole 180 min of cold exposure. Chicks from Treat-4 recovered completely from cold exposure after 30 min, whereas the other chicks recovered completely only after 60 min.
The effects of cold challenge at the age of 14 d are summarized in Figure 4 . In all treatments, a significant decrease of T b was exhibited after 30 min of cold exposure, whereas the decrease of T b in chicks from Treat-4 was lower to significantly lower than those of the others (control, Treat-2, and Treat-3). Subsequently, chicks from Treat-3 and control chicks maintained their T b , whereas the T b of those from Treat-2 continued to decrease slightly. After 30 min of cold exposure, the chicks in Treat-4 raised their T b to nearly equal that of chicks from the control and Treat-3 groups, and they recovered completely within 60 min after termination of the challenge.
At 14 d of age, naïve chicks were divided into 2 subtreatments, which involved exposure to regular conditions and to AIC, respectively. At 38 d of age, BW of the prenatally treated chickens that were raised under regular conditions were greater (Treat-2 and Treat-4) to significantly greater (Treat-3) than those of the control chickens (Table 3 ). The BW of the chickens exposed to AIC were similar in all treatments and were significantly lower than those of chickens exposed to regular conditions.
No interaction was found between T a and treatment. For birds reared under regular conditions from d 14 to 38 of age, relative breast muscle weight (percentage of BW) was significantly greater in the prenatally treated group Treat-4 than in control chickens (Table 3) . There was no effect of prenatal treatment on relative breast muscle weight in chickens exposed to AIC. The AIC exposure significantly affected the relative weights of the heart and liver, which were significantly heavier than those of chicks reared under regular growth conditions (Table 3 ). The relative abdominal fat pad was significantly heavier in Treat-3 than in Treat-4 in chicks reared under regular growth conditions. In those exposed to AIC, a significant decrease in relative fat weight was observed, except for those in Treat-4 (Table  3) .
The ascites development rates did not differ significantly among the experimental treatments; however, among the control chicks, 69% were recorded as ascitic, whereas only 56, 51, and 54% were recorded as ascitic in Treat-2, Treat-3, and Treat-4, respectively (Table  4) .
DISCUSSION
Selection of the critical phase of embryogenesis for application of the treatment to improve cold tolerance was based on the hypothesis that the "set point" or "response threshold" of control systems related to thermoregulation could be altered most effectively during the last phase of embryogenesis. This hypothesis was based on findings that in Gallus gallus, endothermic responses could be detected from E18 onward, which suggests that heat production increases as a result of relatively lower incubation temperatures (Nichelmann et al., 1994; Tzschentke and Nichelmann, 1999; Tazawa et al., 2001; Loh et al., 2004; Nichelmann, 2004) . Although embryos have only a limited capability to regulate their T b during this last period of embryogenesis, exposure to cold may modulate their metabolic response capability regarding environmental demands (Decuypere, 1984; McNabb, 2006; Walter and Seebacher, 2007) . However, it was well established that low incubation temperatures may lead to delayed hatching (Kühn et al., 1982) or even death of the embryos (Peterka et al., 1996) . Therefore, in the present study, careful consideration had to be given to the choice of a sensitive exposure period, coupled with the level of the low incubation temperature and the duration of exposure.
The period of E18 to E19 was chosen as a critical period for lowering the incubation temperature. The use of a very low incubation temperature (15°C) necessitated a very short exposure of 30 or 60 min to avoid any deleterious effect on the embryo, especially during this critical phase, in which preparation for internal pipping begins. Because T egg had been shown to be close to the temperature of the embryo (Sotherland et al., 1987; Joseph et al., 2006; Leksrisompong et al., 2007) , an infrared thermograph was used to measure embryo temperature in light of the facts that the greatest temperature measured could be related to the em- Within a column, values designated by different letters differ significantly (P ≤ 0.05). 1 Treatments: control = no cold exposure; Treat-2 = 2 exposures to cold (15°C and 60% RH) for 30 min in a special controlled-environmental room, at 2000 h on d 18 of incubation (E18) and at 1200 h on d 19 of incubation (E19); Treat-3 = three 30-min exposures to cold at 1600 h on E18 and at 0400 and 1600 h on E19; Treat-4 = two 60-min exposures to cold, at 2000 h on E18 and 1200 h on E19.
bryo temperature and the lowest could be related to that of the air sac (van Brecht et al., 2002) . According to that interpretation, the temperature of the embryo decreased from an average of 40.2 to 30.6°C after 30 min, and declined further, to 25.35°C, after 60 min of cold exposure. The reductions in embryo temperatures observed in the present study were in a range similar to that suggested by Avrutina et al. (1985) for the induction of stress response-related thermoregulation and performance. Tazawa et al. (1988a Tazawa et al. ( , 2001 ) suggested a k of 0.022 ± 0.001 min −1 for cooling the chick embryos, and a G of 0.073 W/°C. In the present study, the values of k and G were 0.032 ± 0.006 min −1 , and. 0.1 ± 0.01 W/°C, respectively. The differences between the findings of the respective studies could be attributed to the use of different eggs, but mainly to the fact that the initial temperature difference imposed in the present study was almost twice that used by Tazawa et al. (1988a Tazawa et al. ( , 2001 . Taking into account these differences in experimental conditions, the results can be seen as similar. It can therefore be suggested that calculations based on measuring the embryo temperature by a noninvasive thermal imaging technique may be appropriate for studying the effect of altering the incubation temperature on heat exchange between the egg and the environment. This model to calculate SHL from the embryo to the environment when an intense cold exposure is applied can be used to provide a physiologically relevant evaluation of the intensity of the treatment, especially in fine-tuning the conditions for thermal manipulations.
Cold exposure during incubation did not affect hatchability and resulted in an increase in BW of the hatched chicks. This may be related to the increase in metabolic rate that resulted from the cold exposure, which, in turn, may induce better and more efficient degradation of the yolk sac by the embryo (Joseph et al., 2006) . It can be further explained by the reduction in water loss from the egg or embryo (Deeming, 2005) during the cold exposure. A similar increase in BW was found after continuous photostimulation during incubation, which enhanced embryonic development and accelerated hatching in birds (Coleman and McNabb, 1975; Shafey and Al-Mohsen, 2002; Rozenboim et al., 2004) . The increase in the T b of chicks on hatch could be related to changes in the metabolic rate. It was previously established that thermal manipulations during embryogenesis affect the metabolic rate of chicks posthatch, as indicated by changes in T b (Yahav et al., 2004a,b; Collin et al., 2007; Piestun et al., 2008) . Therefore, it could be concluded that intermittent exposure to cold during the last phase of embryogenesis affected the metabolic rate and had a positive effect on posthatch performance parameters.
Most of the earlier studies (Tzschentke and Nichel 2004) addressed the effect of cold exposure on the thermoregulatory capacity up to 10 d posthatch. In the present study, this phenomenon was elucidated up to marketing age by using short exposures to cold (3 h) at 3 and 14 d of age, or by applying AIC.
The treatment that proved most effective in inducing thermotolerance during cold exposure at 3 and 14 d of age was the one in which embryos were exposed to cold for 60 min on E18 and E19 (Treat-4). The ability of these birds to withstand cold exposure at 3 d of age was significant (Figure 3 At any given time, values designated by different letters differed significantly (mean ± SE; n = 8; P < 0.05). The hatched bar indicates cold exposure. Control = no cold exposure; Treat-2 = 2 exposures to cold (15°C and 60% RH) for 30 min in a special controlled-environmental room, at 2000 h on d 18 of incubation (E18) and at 1200 h on d 19 of incubation (E19); Treat-3 = three 30-min exposures to cold at 1600 h on E18 and at 0400 and 1600 h on E19; Treat-4 = two 60-min exposures to cold, at 2000 h on E18 and 1200 h on E19; T a = ambient temperature. Table 3 . Body weight and relative weight of organs of chickens prenatally exposed to cold and reared under optimal (22°C) and ascites-induced conditions (AIC; 15°C) until 38 d of age (mean ± SE) Heart (%) 22 ( x,y
Within a column and for each variable, values designated by different letters differ significantly (P ≤ 0.05). 1 T a = ambient temperature. 2 The interaction between T a and treatment was not significant; therefore, means in each main effect were compared by using Student's t-test. Treatments: control = no cold exposure; Treat-2 = 2 exposures to cold (15°C and 60% RH) for 30 min in a special controlled-environmental room, at 2000 h on d 18 of incubation (E18) and at 1200 h on d 19 of incubation (E19); Treat-3 = three 30-min exposures to cold at 1600 h on E18 and at 0400 and 1600 h on E19; Treat-4 = two 60-min exposures to cold, at 2000 h on E18 and 1200 h on E19.
termination of the cold exposure demonstrated their efficiency in coping with cold exposure.
The other criterion for eliciting thermoregulation efficiency was applied according to the ability to withstand exposure to AIC (Luger et al., 2001; Druyan et al., 2007a,b) . Shinder et al. (2002) and Aulie (1977) showed that repetitive exposure of broiler or bantam chicks to cold improved their ability to withstand cold exposure. In the present study, all 3 experimental treatments reduced the rate of ascites development by 13 to 18% of the control rate. This suggested that all 3 intermittent cold treatments induced diminished susceptibility to cold and, hence, to development of the syndrome. Further, it may be suggested that cold exposure during the last phase of embryogenesis contributed to the decline in ascites syndrome development by increasing the cold tolerance of chickens.
One of the main disadvantages of exposing chickens to AIC was related to its effect on performance. Whereas one-half the treated chickens were raised under optimal conditions that enabled fulfillment of their growth potential, the remaining birds coped with low T a by increasing their expenditure of energy for maintenance, which led to significantly lower BW than in the chickens exposed to optimal conditions. The increased maintenance energy cost in the cold-exposed group was reflected in the significantly greater relative weights of the heart and liver. Hypertrophy of the heart was observed previously in chickens and quail exposed to chronic hypoxic stress (Burton and Smith, 1967; Jaeger and McGrath, 1974) or low T a (Deaton et al., 1969; Johnson, 1974; Yahav et al., , 1997 Shinder et al., 2002) , whereas liver hypertrophy resulting from cold exposure was previously exhibited in naked-neck chickens (Yahav et al., 1998) , bantam chickens (Aulie, 1977) , and broilers (Shinder et al., 2002) . In all cases, the hypertrophy of the organs was related to increased energy demands for maintenance. Whereas the chickens in AIC did not demonstrate any between-treatment differences in BW, those prenatally exposed to cold and raised under optimal conditions exhibited a greater to significantly greater BW, coupled with heavier relative breast muscle. A similar response was obtained in BW after prenatal (Buckland, 1970; Nvota et al., 1980; Avrutina et al., 1985) or posthatch cold exposure (Aulie, 1977; Shinder et al., 2002) and in breast muscle of chicks that were exposed to cold posthatch (Shinder et al., 2002) .
It can be concluded that short, acute cold exposure at the last phase of embryogenesis improved the ability of growing broilers to cope with low T a during the life span. In addition, as a result of the improved thermotolerance efficiency under cold conditions, the number of incidences of ascites syndrome diminished. However, more studies (e.g., on the effect of prenatal treatments on hormone levels) are required to establish the optimal prenatal cold-exposure conditions to impart longlasting cold tolerance and ascites resistance. 
